ABSTRACT From numerous radial velocities obtained at KPNO and Fairborn Observatory, we have determined the orbital elements of the composite spectrum triple system HD 207651. This system consists of a broad-lined A8 V star and an unseen M dwarf companion in a 1.470739 days orbit. Variations of the center-of-mass velocity of this shortperiod system and velocity variations of a narrow-lined F7: V star have an orbital period of 724.1 days or 1.98 yr and an eccentricity of 0.39. The revised Hipparcos parallax, corresponding to a distance of 255 pc, appears to be too small to yield consistent properties. Instead, we adopt a distance of 150 pc.
) rose from obscurity to an object of some interest when Handler (1999) analyzed its Hipparcos photometry (Perryman & ESA 1997) and discovered it to have light variations with a period of 0.735 days. Because of that period he listed it as a possible γ Doradus pulsator, but he also mentioned that it might be a δ Scuti variable. Handler & Shobbrook (2002) included HD 207651 in their ground-based photometric search for stars with both short-period δ Scuti pulsations and longer-period γ Doradus variability. They found it to have short-term δ Scutitype variability with a timescale of 1.5-2 hr as well as additional longer-term variability. However, the extent of their data was insufficient to determine the specific cause of the long-term variability. Handler & Shobbrook (2002) also compared the absolute magnitude of HD 207651 with its Strömgren photometry and suggested that the star might be a binary.
As part of a spectroscopic survey of more than 30 γ Doradus candidates identified by Handler (1999) , Fekel et al. (2003) obtained a single spectrum of HD 207651. Along with several other stars in their survey, HD 207651 was found to be composite with its spectrum consisting of a narrow component situated near the center of each broad-lined component. The follow-up photometric and spectroscopic observations of Henry et al. (2004) confirmed the δ Sct variability and identified the longer-term light variations as the result of the ellipticity effect. Despite this clear variability, the star has not yet been assigned a variable star name. Henry et al. (2004) increased the number of spectroscopic observations to nine. Radial velocities of the two components indicated that the system is triple with the broad-lined star having a period of 1.47 days, twice that of the ellipticity effect, while the velocities of the narrow-lined star suggested a period between 400 and 1500 days. Fekel et al. (2003) estimated an A9 spectral class for the broad-lined star and noted that the Hipparcos parallax indicates that it is a giant. Henry et al. (2004) determined a slightly earlier spectral class of A8, while they classified the narrowlined component as F7:, the colon indicating greater than usual uncertainty. Fekel et al. (2003) measured v sin i values of 95 and 6 km s −1 for the A star and the F star, respectively. The broad-lined and pulsating nature of the short-period system make velocity measurements difficult. Nevertheless, we have obtained additional spectroscopic observations to determine the orbital elements of this triple system.
SPECTROSCOPIC OBSERVATIONS AND REDUCTIONS
We began our observation of HD 207651 at the KPNO in 2000 July and continued through 2012 May. At KPNO we used the coudé feed telescope, coudé spectrograph, and several different detectors to acquire 51 spectrograms. We obtained the vast majority with a Texas Instruments (TI) CCD. Those spectra are centered primarily in the red at 6430 Å, cover a wavelength range of just 84 Å, and have a resolution of 0.21 Å or a resolving power of about 30,000. Two of the spectrograms are centered at a blue wavelength of 4500 Å and have the same wavelength range and resolution, producing a resolving power of 21,000. In 2008 September the TI CCD was unavailable, and so we acquired a single spectrum of HD 207651 with a Tektronics CCD, identified as T1KA. That spectrum was centered at 6400 Å with the wavelength coverage increased to 172 Å, but the resolving power decreased to 19,000. After the TI CCD was retired in 2010 September, we obtained spectra with a CCD made by Semiconductor Technology Associates, designated STA2, which consists of a 2600 × 4000 array of μ 12 m pixels. The increased array size produced a wavelength range of 336 Å for spectra centered at 6430 Å. The resolution was the same as our red wavelength TI CCD spectra, but there is some worsening of the resolution at both ends of these recent STA2 spectra. The spectra have typical signal-to-noise ratios (S/N) of about 150.
From 2009 October through 2014 October, we acquired 83 useful observations of HD 207651 with the Tennessee State University 2 m telescope, fiber-fed echelle spectrograph, and a CCD detector at Fairborn Observatory in southeastern Arizona (Eaton & Williamson 2004 . Initially, the detector was a 2048 × 4096 SITe ST-002A CCD with μ 15 m pixels.
Reduction of the raw spectra and wavelength calibration have been discussed by Eaton & Williamson (2007) . The echelle spectrograms have 21 orders that cover the wavelength range 4920-7100 Å with an average resolution of 0.17 Å, corresponding to a resolving power of 35,000 at 6000 Å. While a typical S/N value for these spectra is 60, large temperature variations of the dewar caused reduced S/N of some spectra.
During the summer of 2011, the SITe CCD and its dewar were replaced with a Fairchild 486 CCD that has a 4096 × 4096 array of μ 15 m pixels and a new dewar (Fekel et al. 2013) . The expanded wavelength coverage enabled by the new CCD ranges from 3800 to 8600 Å, and the resolution of these echelle spectra is 0.24 Å or a resolving power of 25,000 at 6000 Å. This new combination produced improved S/N generally ranging from 100 to 150.
As shown by Fekel et al. (2003) and Henry et al. (2004) , the spectrum of HD 207651 is double lined, consisting of a broadlined component and a narrow-lined component. We measured the KPNO velocities with the IRAF 2 cross-correlation program FXCOR (Fitzpatrick 1993) by fitting separate Gaussians to between 1 and 4 lines of the two stars. While this was straightforward for the narrow-lined component, measurement of the broad-lined component was more problematic. In addition to its rapid rotation, the latter star is also a δ Scuti pulsator. Although our exposure times cover a significant fraction, between 20% and 50%, of the 1.55 hr pulsation cycle (Henry et al. 2004) , the line profiles vary from observation to observation, and some are rather asymmetric. As a result, we used weights for the Gaussian fits that deemphasized the line center and instead fitted primarily the wings of the broad lines. Our KPNO velocities are listed in Table 1 .
For our red-wavelength observations we used the IAU radial-velocity standards ι Piscium and HR 7560 as the crosscorrelation reference stars, which according to Scarfe (2010) have radial velocities of 5.6 and 0.0 km s −1 , respectively. For our blue wavelength spectra the reference star was 68 Tau, which has a velocity of 39.0 km s −1 (Fekel 1999) . Unlike the KPNO velocities those from Fairborn Observatory are on an absolute scale. We used a solar-type star line list, consisting of 168 lines, for both components. We simultaneously fitted the line pairs of the components with rotational broadening functions (Fekel & Griffin 2011; Lacy & Fekel 2011 ) and allowed both the line width and depth to be free parameters. Our Fairborn velocities are given in Table 1 .
From our unpublished measurements of the radial velocities of several IAU solar-type velocity standards compared with the results of Scarfe (2010), we add +0.3 km s −1 to our SITe CCD velocities and +0.6 km s −1 to our Fairchild CCD velocities, to adjust the velocity zero points so that the KPNO and Fairborn results are on a consistent scale.
SPECTROSCOPIC ORBIT
We initially obtained separate long-period orbital solutions of the KPNO and Fairborn radial velocities of the narrow-lined star, component B, with the computer program BISP (Wolfe et al. 1967) , which uses the Wilsing-Russell method (Wilsing 1893; Russell 1902 ). Those two solutions were then refined with the program SB1 (Barker et al. 1967) . The centerof-mass velocities of the two solutions differed by just 0.3 km s −1
, and the variances for the two solutions were very similar. Thus, the radial velocities from both observatories were given unit weights and a combined solution was obtained. The resulting orbital elements and related quantities are presented in Table 2 . The radial velocities of B are listed in Table 1 along with their residuals to the orbit and are compared with the computed velocity curve in Figure 1 .
We then employed the general least squares program of Daniels (1966) to obtain a simultaneous orbital solution of the primary's short-and long-period velocity variations. Velocities of this broad-lined star, component Aa, which is the brighter star of both the short-period and long-period systems, are much less precise because of that star's very large projected rotational velocity and its δ Sct pulsations, which significantly affect the shape of the line profiles. Thus, the values for four long-period orbital elements of component B, the period P, time of periastron T, eccentricity e, and longitude of periastron ω (plus 180°), were adopted in the solutions of component Aa.
As was done for component B, solutions were obtained separately for the KPNO and Fairborn velocities of component Aa. While some of the orbital elements of the two solutions, such as the center-of-mass velocity of the system and the period of the short-period orbit, differ by just 1 σ, other elements, such as the short-period eccentricity and short-period semiamplitude, differ by 2-3σ.
With a rather short period of 1.47 days, the close pair would be expected to have a circular orbit if it were just a binary system (Matthews & Mathieu 1992) . But the effects of the long-period companion in the HD 207651 system could produce a modulation of the eccentricity (e.g., Mazeh & Shaham 1979) . The short-period eccentricity determined from the Fairborn velocities, which we believe to be the more precise result, is 0.023 ± 0.022. Given the small value of this eccentricity and its nearly identical uncertainty, following the precepts of Lucy & Sweeney (1971) , we have chosen to adopt a circular short-period orbit.
For component Aa the variances of the KPNO and Fairborn solutions are similar, suggesting that the individual velocities should be given nearly equal weights in a combined solution. However, the radial velocities, which normally characterize just the orbital motion of a binary component, also include a contribution, possibly very significant, from pulsation (e.g., Mathias et al. 2004) , and so the variances reflect that combination. Because the KPNO velocities of Aa are determined from just 3 or 4 lines versus 168 lines for the Fairborn velocities, we examined orbital solutions that used three different sets of weights. In all three solutions we adopted weights of 1.0 for the Fairborn velocities, while the weights assigned to all KPNO velocities were either 1.0, or 0.5, or 0.2. Examining the results of those three solutions, we have chosen to adopt weights of 1.0 and 0.5 for the Fairborn and KPNO velocities, respectively, because the uncertainties of the parameters for that solution encompass the results of the other two solutions. The orbital elements and related quantities from the adopted solution are listed in Table 2 . The individual velocities of Aa and their residuals to the combined fit of the short-and long-period velocity variations are given in Table 1 . The radial velocities are compared with the long-and shortperiod velocity curves in Figures 1 and 2 , respectively.
DISCUSSION
The Hipparcos parallax of HD 207651 was revised by van Leeuwen (2007) , who determined a value of 0″ . 00392 ± 0″ . 00066. The combined system has V = 7.21 mag and -= B V 0.236 mag (Perryman & ESA 1997) . Given the rather different spectral classes of the components, A8 and F7:, we increase the magnitude difference of 2.0 mag (Henry et al. 2004) , which was a minimum value, to 2.3 mag to account for the greater line strength of the component with the later spectral type. Assuming no interstellar extinction, as indicated by the agreement of the primary's spectral class of A8 (Henry et al. 2004 ) with the combined -B V , results in m V = 7.33 ± 0.05 mag, where the uncertainty accounts for the uncertain magnitude difference. With the revised Hipparcos parallax we then determine that the broad-lined primary component Aa, has M V = 0.3 ± 0.4 mag. For component B our adopted magnitude difference results in m V = 9.63 mag with an estimated uncertainty of 0.4 mag and produces M V = 2.6 ± 0.5 mag.
Our Fairborn Observatory spectra show that the composite Hα line has broad wings indicating that the much brighter star, component Aa, is a dwarf, and therefore so is the fainter, less massive component B. Comparison of our computed M V values, determined from the revised parallax, with canonical results for A8 V and F7 V stars (e.g., Gray 1992) indicates that the stars are 1.3-2 mag too bright.
A second comparison can be made by adopting -= B V 0.50 mag from the spectral type of the F7 V star. With the use of the relations from Flower (1996) we then convert the colors of components Aa and B to their corresponding temperatures and also compute for the two stars their luminosities from the M V values and bolometric corrections. We then compare the positions of Aa and B in an H-R diagram (Figure 3) with the solar-abundance evolutionary tracks of Girardi et al. (2000) . That comparison suggests masses of 2.4 and 1.5 ☉ M , which are significantly too large for the spectral classes (Gray 1992) .
Both of the above comparisons argue that the actual distance to the system is significantly less than the 255 pc indicated by the revised Hipparcos result. Note that the original Hipparcos The points represent the observed velocities minus the velocities of the centerof-mass in the long period orbit, calculated from the elements in Table 2 . Solid dots-KPNO, solid squares-Fairborn Observatory. The solid line is the calculated velocity curve. The period is 1.4707386 days and zero phase is a time of maximum velocity.
